Receintly we reported the existence of a cortical countercurrent system on the surface of the rat kidney(l). The countercurrent system is arranged in suclh a way that proximal tubular fluid andl efferent peritubular blood flow in opposite directions. The following findings may be cited in support of this thesis. 
1. The superficial nephrons of the rat kidney are characterized by an efferent arteriole whiclh generally runs at a riglht angle to the surface of the kidney and branches only after lhaving reached the renal surface. Usually this vessel separates into three to four branclhes. Pictures of casts of suclh loilg efferent arterioles were published as early as 1955 by Wirz(2) . WVe term this branclhing point of the efferent arteriole the welling poiint because it is possible to observe by means of higlh-frequency microcinematograplhy the appearance of the flow of erytlhrocytes from deeper regions of the kidney. Beginning witlh the three to four branches of the wellinig point the more periplheral capillary bed branches repeatedly and finally is collectedl into the renal venous tree in close proximity of the efferent arteriole. The morphological situation is described by means of a typical cast slhown in Fig. 1 a second series of experiments fluorescence microscopy of the renal surface was carried out using the Fluopak system and immersion objectives. Again illumination was achieved by xenon light. Filters were used that were appropriate for the excitation and emission maxima of the fluorescent dyes used. For acriflavin the excitation maximum is close to 450 mu and the emission maximum close to 510 m,u. This dye was used in a dilution of 1:10,000 in saline and administered at a rate of 0.2 ml/min into the jugular vein. Single-frame microphotographs were taken by means of a robot camera with exposure times of several seconds. For slow-motion cinematography frequencies of one frame/sec were used.2 RESULTS AND DISCUSSION Table 1 provides a summary of vascular diameters, velocities of perfusion, and calculated volume flow rates as obtained by high-frequency microcinematography of the branching points on the renal surface. For technical reasons only the first four branches of each welling point have been studied but in principle similar calculations may be applied to more peripheral branching. We have previously shown by means of casts that each nephron on the renal surface of rats is supplied preferentially by its own efferent arteriole. This finding has been recently confirmed by Faarup(5) . Similar observations on superficial nephrons of the dog kidney have been made by Beeuwkes(6) .
If the calculated volume flow rate in the efferent arteriole is multiplied by the number of nephrons (32,800)(3) the total renal blood flow can be obtained. Values thus derived are quite similar to blood flow values calculated from PAH-clearances and hematocrits.
Observation of the renal surface during the continuous infusion of acriflavin shows that the dye, as judged by the fluorescence, moves slowly from the welling point toward the tubular system. The fluorescence is first seen around those tubular loops which are situated closest to the branching points. Figure 2 shows the distribution of fluorescence during acriflavin infusion. If the infusion is continued, fluorescent patches increase in size but nevertheless, as shown in Fig. 2 , one continuously observes a concentration gradient of fluorescence from the welling points toward the periphery. Similar results are generally obtained after the use of other basic acridine dyes but these findings are modified by the additional staining of nuclei, etc.
It is also possible to localize the relative position of tubular segments by the injection of lissamine green(l,3). In such experiments it is possible to ascertain that tubular segments that show fluorescence first are the last to fill with lissamine green. Accordingly they may safely be identified as terminal proximal tubular loops.
It is reasonable to conclude from these experiments that substances that leave the efferent arteriole will be handled in a similar way and maintain similar con-Fic. 2. Fluorescence microphotograph of the renal surface of a rat 7 min after starting the intravenous infusion of a solution of acriflavin (1:10,000, 0.2 ml/min). The light areas showv the fluorescence of the dye surrounding the black welling point. The latter is not stained. centration gradients as acriflavin. This is shown in a schematic simplification in Fig. 3 , where the distribution of concentration gradients are shown within the countercurrent flow system. On the left side of the diagram the glomerulus at the beginning of the efferent arteriole is shown whereas on the right side the branching point (welling point) of the capillaries is indicated. Based on the distribution of fluorescent dyes it is likely that substances secreted by the kidney reach the late proximal part of the nephron in higher concentrations than the early tubular segments located close to the glomerulus. This is shown schemati- cally by the broken line extending from the welling point to the glomerulus. Some of the secreted substances are also filtered and carried downstream within the, tubule. Accordingly, their concentration within the lumen may increase toward the branching point on the kidney surface (solid line). For certain secretory mechanisms such an arrangement may be useful because it assures that the concentration gradient between vascular and tubular system will be maintained at optimal levels. Thus, if back diffusion of a secreted substance were to occur, the driving force would be minimized by the intratubular concentration increase. If the process of secretion is modulated by concentration gradients the described countercurrent system may be useful. On the other hand, close to the glomerulus both the concentration within the tubule and within the capillaries would be low, again assuring the maintenance of a minimal concentration difference between the tubular and vascular system. As shown in the lower part of Fig. 3 with respect to reabsorptive transport processes, opposite conditions would be maintained. Again, the countercurrent system would assure an optimal efficiency of the reabsorptive process provided that its efficiency depends on back diffusion. The latter would be minimized by the establishment of increasingly steeper transepithelial concentration differences as the fluid passes along the proximal tubule.
Model of Proximal
In summary, two new methods, high-frequency microcinematography of the peritubular blood flow and intravital fluorescence microcinematography have been used to study the cortical countercurrent system in the rat kidney. The possible physiological role of this unique arrangement of flow between tubular and vascular system has been discussed.
